Biomechanical assessment of tissue retrieved after in vivo cartilage defect repair: tensile modulus of repair tissue and integration with host cartilage.
Failure to restore the mechanical properties of tissue at the repair site and its interface with host cartilage is a common problem in tissue engineering procedures to repair cartilage defects. Quantitative in vitro studies have helped elucidate mechanisms underlying processes leading to functional biomechanical changes. However, biomechanical assessment of tissue retrieved from in vivo studies of cartilage defect repair has been limited to compressive tests. Analysis of integration following in vivo repair has relied on qualitative histological methods. The objectives of this study were to develop a quantitative biomechanical method to assess (1) the tensile modulus of repair tissue and (2) its integration in vivo, as well as determine whether supplementation of transplanted chondrocytes with IGF-I affected these mechanical properties. Osteochondral blocks were obtained from a previous 8 month study on the effects of IGF-I on chondrocyte transplantation in the equine model. Tapered test specimens were prepared from osteochondral blocks containing the repair/native tissue interface and adjacently located blocks of intact native tissue. Specimens were then tested in uniaxial tension. The tensile modulus of repair tissue averaged 0.65 MPa, compared to the average of 5.2 MPa measured in intact control samples. Integration strength averaged 1.2 MPa, nearly half the failure strength of intact cartilage samples, 2.7 MPa. IGF-I treatment had no detectable effects on these mechanical properties. This represents the first quantitative biomechanical investigation of the tensile properties of repair tissue and its integration strength in an in vivo joint defect environment.